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Abstract A jainiraview is presented concerning the use 
of coijnine as a tobacco-smoke exposure index. First, 
general considerations about methods for the determi¬ 
nation of Urinary rotinine are presented. Besides pure 
analytical aspects, this minireview considers major 
problems encountered in the establishment of threshold 
values that can be used to distinguish not only smokers 
from nonsmokers but also nonsmokers exposed or not 
exposed to envircrunental tobacco smoke (.ETS). In 
addition, the use of Urinary cotinlne Is illustrated in 
several situation® where smoking status assessment is of 
interest. Such situations include evaluation of the impact 
of smoking cessation programs, monitoring of preg¬ 
nancy and of other groups at risk, assessment of occu¬ 
pational exposure to industrial pollutants, validation of 
phase 1 clinical trials, and the control of life insurance 
can didates. The specific problem of ETS exposure as¬ 
sessment is briefly mentioned. 

Key words Biomurkers • Cotmine Smoking 


Introduction 

Several biological markers have been proposed for as¬ 
sessment of the importance of direct or passive exposure 
to tobacco smoke. The most widely used markers are 
curb oxyhemoglobin in blood; carbon monoxide In ex¬ 
pired air; thiocyanate and nicotine in saliva, plasma, or 
urine; and cotmine, a major nieotmc metabolite, which 
raw be determined not only in urine but also in plasma 
and saliva [38], Some markers may be influenced by 
environmental sources other than tobacco smoke. 
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namely, diet for thiocyanate and road traffic or domestic 
emissions for carbon monoxide and carboxyhemogio- 
bin. Therefore, these markers have been progressively 
replaced by nicotine and cotinine (Fig- 1), which are 
more specific for tobacco smoke exposure. Because of 
the longer urinary half-life of cotinine as compared with 
nicotine (19 versus 2 h) [5, 102] arid of the absence of 
ambient contamination during samplt acquisition (the 
unique source of cafinine is nicotine mete b olization), 
cotinine is currenily considered the marker of choice. 
Cotinine is generally determined in urine, a biological 
medium easy to obtain, especially in the framework of 
epidemiological studies. This minireview considers the 
value of urinary cotinine determination as a tobacco- 
smoke exposure index and summarizes its main appli¬ 
cations essentially related to active smoking screening. A 
review on the use of eotLoine as a biomaxker of envi¬ 
ronmental tobacco smoke (ETS) exposure has been 
pub!!shed recently [4], 


Analytical aspects 

The caiarimeirlc Method is the simplest and cheapest 
method for urinary co tinin e determination. Since it 
quantifies the totality of metabolites for which the 
pyridine ring remains intact, this method has low spe¬ 
cificity. Both cotinine and crtzns- 2'-hydroxycodnine 
(Fig. 1; the main metabolite formed from cotinine 
[12, 37, S3]) are measured. The results, expressed as 
cotinine equivalents, are therefore higher than those 
obtained by more specific method* such as gas or liquid 
chromatography [41], However, the measured levels are 
well correlated with daily cigarette consumption [10, 41]. 
Thjj method must therefore be considered a reliable 
index of smoking status, provided that blanks are in¬ 
cluded to take into account the coloration of each, urine 
sample [41, 94]. However, interferences due, for exam¬ 
ple, to the presence of drugs with a pyridine ring 
(nicotinic arid, isoniazid, nicotinamide) are important 
[70, 94]. Moreover, the high detection threshold makes 
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nimSne coiinine trans-S'-hydroxycotlnirie 

Fig, 1 Structures of aicottoe, eoidne, and /raAS- 3 ‘-hydro*yeotinin?: 

this method inappropriate for monitoring of ETS 
exposure (see below) [41]. , 

lie immunological methods use monoclo'aai [45] or 
polyclonal antibodies that specifically recognize coti- 
tiiuc; they uonmlly show only minimal cross-reactivity 
with nicotine and other metabolites [97]. However, a 
study has shown that trans-l'-hydroxycoliumt cross- 
reaets by about 30% with the polyclonal rabbit anti- 
ceiinine antiserum commonly used to determine cotinine 
levels by enzyme-linked imznunosorbsot assay (ELISA) 
[82], which does not seem to be the ease for monoclonal 
antibodies [44). Besides this possible cross-reactivity, 
immunoassays require the use of costly reagents [70]. 
The principal advantages of iiamunoiogieal methods are 
low sample-volume requirements, little sample manipu¬ 
lation, and rapidity of analysis [97]. The detection 
threshold of such immunoassays is also sufficient for 
ETS exposure assessment. 

The chromatography methods high-performance liq¬ 
uid chromatography [3, 32, 33, 41, 59, 67, 77, 78, 94, 
103] and gas chromatography [26] are most specific, es¬ 
pecially when the identity of the peaks can be verified by 
mass spectrometry [IS, 36. 51, 53, 89], but this requires 
the lit a of costly material and the resource of skilled 
personnel for routine analysis. Another advantage of 
chromatography methods is the simultaneous quantifi¬ 
cation of nicotine and cotinine in a single analysis [97]. 
The reagent costs are also generally low and the limits of 
detection are low', which makes these methods very 
suitable for passive smoking studies. 

Value of urinary cotinine determination 
for active and passive smoking screening 

General considerations 

Acthe. smoking of smokers voluntary exposed to to¬ 
bacco smoke mast be clearly distinguished from passive 
iaaokiog Of nonsmokers exposed to ETS produced by 
active smokers. 

Whatever the deter min ation method of urinary coti- 
niae may be, rather good correlations exist between 
urinary cotinine and daily tobacco consumption (e-g,, 
expressed la grams). Correlation' coefficients mentioned 
in "several studies vaxy from 0,39 to 0.99 but are generally 
greater 'than 0.75 [10, 28, 29, 41, 91, 95, 96, 101]. How¬ 
ever, a major difficulty in establishing such correlation 
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must bt pointed out: urinary cotinine determination 
givhs only information about recent exposure to tobacco 
smoke. Therefore, tobacco consumption during the 48-h 
period before urinary sampling must be representative of 
the announced daily consumption, This correlation 
theoretically allows the determination of a threshold 
value beyond which subjects can be classified as smok¬ 
ers. Despite rather high level* of passive exposure in 
some cases, several studies show that urinary cotinine 
levels in nonsmokers are always less than 100 ng/mi 
urine [6,41], In agreement with these data, discrimination 
thresholds between active and passive smokers vary, ac¬ 
cording to the authors, from 2D to 100 ng/mi urine or mg 
creatinine [38, 46, 50, 57, 58, 60, 69, 75.76, 80, 81, 91]. 

Curiously, higher thresholds of 500 [1, 25] and 1000 
ng/ml urine or mg creatinine [48] have 'been proposed 
when urinary determination is based on a fluorescence 
polarization kam nno-assay (FPIA). However, these 
authors indicate that cotinine levels are lower than 80 
ng/mi urine in the majority of nonsmokers [25] or that a 
threshold value of 50 ng/mi urrne would have been more 
appropriate [1]. 

Although such thresholds cun be used to distinguish 
smokers from aonsmokers, it is more difficult to quan¬ 
tify passive exposure to tobacco smoke. The first diffi¬ 
culty results from the very low urinary' cotinine 
concentrations associated with passive smoking. When 
one uses a method measuring nicotine and cotinine at 
the same time, low quantities of nicotine possibly pres¬ 
ent in ambient air may contaminate the urinary samples 
in different handling steps [42]. Concerning the possible 
interference of nicotine hi air, it must be stressed that 
when other ETS substances can no longer be quantified, 
nicotine may yet be measurable in ambient air [4], 
Moreover, variations between laboratories are impor¬ 
tant because measured levels arc dose to analytical de¬ 
tection limits [6]. 

The influence of the age of exposed subjects consti¬ 
tutes the second problem. At the same level of ETS ex¬ 
posure, young children have higher urinary cotinine 
levels than adults [102]. Differences in the body distri¬ 
bution and mctabolization of nicotine between adults 
and children have been mentioned [84]. A higher relative 
ventilation rate ill young children could also explain 
such differences [102]. Some studies have shown, that 
breast feeding is related to higher urinary cotinine ex¬ 
cretion in children with smoking mothers [14,19,79] and 
that among these children, urinary cotinine excretion 
may reach the range observed in adult smokers [S4J. 
Moreover, a recent study suggests racial differences 
among children; at the same ETS exposure level, black 
children have higher urinajy cotinine levels than white 
children [40]. 

Finally, the presence of nicotine in some foods has 
been demonstrated and their consumption could be a 
source of urinary cotinine excretion. Among these foods 
are common dietary constituents such, as eggplants, 
potatoes, and tomatoes (Solanaoese) as well ss some tea 
plants. Considering the average and maximal daily 
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consumption of these foods, urinary cotinine values of 
0.6 and 6.2 cg/ml, respectively, have been calculated 
[20]. Practically, however, these interferences remain 
negligible except in the case of vegetarians [34] but It 
should be stressed that not all dietary or other nonto- 
bacco sources of corinine have been, studied, which ne¬ 
cessitates some caution [23]. 

All these factors are therefore potential explanations 
for differences observed in the following proposed 
threshold Values between nonsmokers exposed or not 
exposed to ETS: 5 ag/ml urine [S3], 10 ng/ml urine [14, 
14], and 10 ng/mg creatinine [2, 50]. In agreement with 
the higher excretion rate observed in children, a higher 
threshold value of 30 ng cotinine/mg "readnine has been 
proposed in a study on children exposed to ETS [24]. 

Particular applications 

Monitoring of ETS exposure in childrenl adults 

Several studies have considered the impact of parental 
smoking hablia on tobacco smoke exposure of children 
and possible health repercussions. They show a strongly 
positive correlation between urinary cotinine in children 
and the smoking habits of their parents [21, 27, 40, 73, 
101]. Whan only one of the parents smokes, urinary 
cotinine is higher When the mother smokes [h 14,47, S3, 
101]. Assessment of ETS exposure is particularly inter¬ 
esting in children with asthma, for whom it has been 
shown that passive smoking may be not only a source of 
asthma attack [16, 24, 100] but also considered an im¬ 
portant aggravation factor of the disease [61]. To the 
best of our knowledge, only cue study did not show an 
alteration of bronchial responsiveness in children with 
mild bronchial asthma after passive exposure to tobacco 
smoke, but the exposure duration was low (1 h an the 
equivalent of about 20 ppm CO) [65], Children with or 
without a medical history of allergy (e.g., asthma) who 
are exposed to ETS have a higher incidence of respira¬ 
tory infection [2, 73, 79, S4] and lower levels of respi¬ 
ratory performance [13j than do conexpesed children. 
These data illustrate the necessity of the appropriate 
information of parents and the establishment of inter¬ 
vention programs [15, 30], Though less frequent, s imil ar 
studies have considered the effects of passive smoking on 
healthy adults [42]. Moreover, the carcinogenesis risk 
has been tested [22* 74]. However, difficulties in obtain¬ 
ing statistically significant associations on the small stale 
sometimes require the realization of meta-analyses [93]. 


Monitoring of pregnancy 

Smoking during pregnancy reduces the mean body 
weight of neonates [49, 84] in4 increases the risk of 
delivering very small preterm infants [99]. The relation¬ 
ship between this reduced weight at birth and the in¬ 
creased risk af perinatal mortality, however, remains 
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controversial. Several studies conclude that prenatal 
exposure to tobacco smoke is related to impaired mental 
development in infants [52, 62, 72, 86]; however, in¬ 
consistent results have been reported [84], Finally, 
smoking during pregnancy could be associated with in¬ 
creased episodes of sudden death [11, 17] as well as with 
negative effects on lung function during the first few 
months of life [9, 31, 90], It therefore seems essential io 
sensitize mothers to this health problem for iheir off¬ 
spring and to assess their smoking status by an appro¬ 
priate biochemistry test such as that of corinine in urine 
[39, 43, 50, 64, 68, 85]. 

Smoking cessation programs 

Urinary cotinine measurement may be very interesting 
as a motivation tool for smokers whe are trying to stop. 
It allows not only assessment of the impact of smoking- 
cessation educational programs [92] but also augmen¬ 
tation of their efficacy [57J. However, this approach is 
valid only when nicotine substitution is no [present (e.g., 
chewing gum, patch, nasal spray). In eases of nicotine 
substitution, other tobacco-smok* exposure biomarkers 
such as thiocyanate, c^boxyhemoglobin, or carbon 
monoxide in expired air are suitable alternatives. 

Monitoring of groups at risk 

Besides its well-established (lung, upper respiratory air¬ 
ways, esophagus, and bladder) [35] or suspected (uterus) 
[88] carcinogenic effects, cigarette smoking is also a risk 
factor for cardiovascular disease. A correlation has been 
demonstrated between daily cigarette consumption as 
assessed by urinary cotinine determination, and the uri¬ 
nary excretion of thromboxane 4.2 metabolites [71, 95, 
98] hut not with urinary excretion of prostacyclin me¬ 
tabolites. This observation can be exolsiued by in vivo 
platelet activation [98], As smoking habits, generally 
acquired at a very early age, are especially deleterious fox 
the cardiovascular function of some groups at risk, in¬ 
cluding diabetics, it would therefore be useful to adopt 
for such groups early health education programs in 
which urinary cotinine determination may be used to 
assess smoking status [7, 48, 81, 87]. 

Epidemiological studies and assessment 
of occupational exposure to Industrial pollutants 

In epidemiological studies on exposure to occupational 
pollutants, it may he very important to distinguish 
smokers from, nonsmokers. Evaluation of [he toxic ef¬ 
fects of occupational respiratory Irritants requires the 
recognition of the smoking habits of exposed subjects; 
far this purpose, urinary cotinine determination may be 
very useful for the validation of information collected by 
questionnaire. Occupational expo rare to carbon mon¬ 
oxide (CO) may be assessed by direct dete rmina tion of 
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the gas itself either ra environmental air or in the expired 
air of exposed workers, Another moni toring test consists 
of blood carboxyhemoglobin (HbCQ) determination. 
For this use a tolerable level of blood HbCG (3,5%) has 
been proposed; it corresponds to a mean working-air 
CO exposure of 25 ppm for an 8-h work shift [43], In 
smokers. Wood HfcC'O determination alone overesti¬ 
mates CO occupational exposure intensity. Simulta¬ 
neous dete rmin ation of blood HbCQ and. urinary 
eoiinine Would allow evaluation of the interference fac¬ 
tor related to smoking habits. In the same way, the es¬ 
tablishment of biological limits in the framework of 
occupational exposure monitoring of organic substances 
may require analysis of the relationship between the 
ambient concentration of a parent substance (for which 
limit values may already exist) and the levels of its me¬ 
tabolites in biological media. As tobacco smoke contains 
many organic substances (e.g., benzene, polycyclic aro¬ 
matic hydrocarbons (PAH)], reference values for me¬ 
tabolites, i.e,, trans,t/ans-miisxnfin acid for benzene and 
l-hydroxypyr*ne for PAH. must take smoking habits 
into account as ijattrfereaca factors [54, 55, 66], 

Phase f clinical (rials 

Before the introduction of a new drug, several studies 
axe legally required both in animals and in humans, in 
the latter, clinical investigations called phase I trials use 
healthy volunteers. Since ei garotte smoking may influ¬ 
ence not only the pharmacokinetic profile hut also the 
pharmacodynamic characteristics of numerous sub¬ 
stances used W therapy (e.g., benzodiazepines, theo¬ 
phylline) [56], it may be necessary to verify the recent 
smoking history of selected individuals by the determi¬ 
nation of a biological marker' such a£ cotmine in urise, 
which seems more reliable ia determining tobacco use 
than a simple questionnaire [1]. 

Control of life-insurance candidate declaration 

Because of the number of risks related to active smoking, 
the life expectancy of a smoker is decreased. Insurance 
companies are therefore very interested in teste such as 
the measurement ofdotinine in urine For establishment of 
the jotting status of candidates for life insurance. For 
economic (test costs) rather than strictly scientific rea¬ 
sons, insurance companies do not seek to obtain low 
detection limits but accept relatively important threshold 
vaitits between smokers and nonsxackers (500 ng/ml) [1], 
which entails the hatlitiood of their missing some 
smokers who have abstained for only 1 day or less. 


Conclusion 

Cotmine Remains the biomarker of choice for assessment 
of tobacco smoke exposure, Its urinary determination 
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can bt recommended in several situations such as 
monitoring of £TS exposure, impact evaluation of 
smoking cessation programs, monitoring of pregnancy 
and of some groups at risk, assessment of occupational 
exposure to industrial pollutants, validation of phase 1 
clinical irials, and the control of life-insurance candidate 
declaration. Even if this review has focused on tobacco 
smoke exposure, it should be mentioned that urinary 
cotinine determination may also be used either as a 
marker of exposure to other tobacco products (nasal, 
“caique”) or as a compliance index in nicotine substi¬ 
tution programs (chewing gum, patch, or nasal spray 
with nicotine). ''Vith regard to analytical aspects, only 
immunologicai and chromatography methods are suffi¬ 
ciently sensitive to assess exposure to ETS, and the 
choice between these two approaches could be influ¬ 
enced by the availability of the apparatus. 


References 

L ApScioff G, Ashton HM, Friedman H, Gerber N {1994} The 
importance or measuring codnine levels to identify Smokers in 
clinical trials. Clin Pharmacol Ther 56: 460-462 

2. Bakoula CG, Kafrirsa Vi, Kavariias CD, Laropoulou DD, 
Tbepdoridou M’C, Maravdiaz KF, Matraniotois NS (1995} 
Objective passive-.smoking indicators and respiratory mor¬ 
bidity in young children Lancet 346: 280—ZS1 

3. BarloW RD, Thompson PA, Stone RB (1987) Simultaneous 
determination of tuccrinc, Genuine and five additional nico¬ 
tine metabolites in the urine of smokers using pre-colton 
derivstisaiion and high-porfbHnanec liquid chromatography 
J Chromatogr 419: 375-380 

4. Betiowiiz XL (1996) Cotimne ai a biomarkar of environ¬ 
mental tobacco smoke exposure. Epidemiol BLcV IS: 15B-2D4 

5. Bcojawiii: NL, rtuyt F, Jacob P, Jones AT, Osman aL (1983} 
Coiimue disposition and effects. Clin Pharmacol Tier 34: 
604.^11 

6. Biber A, Scheror G, Hoepfaei I, Adlkofcr F, Holier WD, 
Haddnw Ju, Knight OJ (1987) Dc(ejsninatius of nice tire and 
cotinine in human serum and urine: an inieriahorasory study. 
Toxicol Lett 35: 45-52 

7. Bodmer CW, MaoFarlane IA, Ftayell HT, Wallymahmed M, 
Calverky PM (1990) How accurate is the snSokiqg history in 
newly diagnosed diabetic patterns? Diabetes Res Clin Bract 
10: 215-220 

i, Bono R., Russo It, Arossa W, Scursatone E, Giili <3 (1995) 
Involuntary exposure to tobacco smote in adolescents; uri¬ 
nary cotinine and environmental factors. Arch Environ 
Health 51; 127-131 

9. Brava RW, Kanidd&a IP, Caitile RG, T&gtt TB (1995) Effect 
of maternal smoking during prepaney on passive rtspirawry 
mechanics in early infancy. Pediatr PulmanDl 19: 23-75 

30- Bruckert E, Jacob N, LatUflire L, Traffen J, Parchoron F. de- 
Gaaaes JX, (1992) Rdati.-mship berweep smoking status and 
serum lipids in a hyperlipjdemie population and analysis of 
possible confounding factors, din Cbcm 38: 1698-1705 

11. Bultcrys MG, Greenland S. Kraus JF (1990} Chronic fetal 
hypoxia and sudden infant death, syndrome: interaction be¬ 
tween maternal smoking and low faeraafrerit during preg¬ 
nancy. Bediarricz S6; 535-540 

12. Byid GD, Chang KM, Gseeoe JM, deBethizy JD (1992) Ev¬ 
idence for u rinar y excretion of ghieuronide conjugates of 
nicotine, corirsins and tLan$-3'-hydroxysodiUEe in smokers. 
Drug Metab Dispos 30; 193-197 

13. Casals R, Colantonio D, Cialenle M, Coioririo V, Bamnbei 
K, Fasqudetti T (1991) Impaired p ulmo nary 4ination in 
schoolchildren exposed to passive smoking. Detection by 


NO IimOS IN3I1D0Q 1S1 INOHi 


PM3006484893 


Source: https://www.industrydocuments.ucsf.edu/docs/pthj0001 




questionnaire and urinary caiinine level*. Respiration 58: 
15*-203 

14. Ckiimomayk BA, Knipi OJ, Palomaki CE, PulWtinen Al, 

Williams J, Haddo'-v J£ (l?H3c) Environmental tobacco Smoke 
exposure during infancy. Am 1 Public Health 80: 1205-1208 

15. Chilmoniutyi BA, Palomoki CE, Knight OJ, Williams J, 
Haddow JE (1392) An unsuseessfiil cDtinine-assisied inter¬ 
vention strategy to reduce environmental tobacco amoka ex¬ 
posure during infancy, Am J Dis Quid 146; 357-360 

16. Cttilmonoityk BA, Satanun LM, Megsihlin K-N, Nsvsux LM, 
Piiloniaki CE, Knight OJ, Pulkldnen AJ, Hactoov' JE (1933) 
Association between exposure to enviranruentel tobacco 
Smoke and exaCErbations of asthma io phildren. 1st Engl J Med 
328: 1665-1669 

17. Cnatriagius S, Haglund 3, Meirii O (1588) Cigarette smoke 
as risk factor for .a to fetal and curly neonatal death. BMJ 279: 
25S-Z6J 

18. Daenens P, Lamella L. CtlliewaeiE K, -DeSeheapar P, Onleanzi 
R, Van Rossutn J (1985) Determination of cotlnlne in bio¬ 
logical Surds by capillary gas ahrcinatograplsy-mas3 spec- 
crainetiy .selected ion monitoring. J Chroznatogr 342; 73-87 

19. Dailstrcm a, Lind ell B, Cur«'&Il M, Tkappcr L (1990) Nic¬ 
otine and. cobnice concenirationa in the nursing mother and 

her infant. Acta Paediatr Scind 79: 142—147 

20. Oavil Ra, Stilts MF, deBethizy JD, Reynolds JII (1991) 
Dietary nicotine: a source of urinary cotinme. Food Chem 
foxiao 2.9r 821-327 

21. Ddi’Orco v, Forastlerc F, Agabiil N, Corbo CM, Pioteili K, 
Pa did R, Zucciro ?, Pizzabiocca A, Rosa M, Altieri 1, t£ al 
(1995) Household and community determinants of exposure 
to involuntary smoking: a study of urinary cotinine in chil¬ 
dren anil adolescents, Am 1 Epidemiol 142; 419-437 

22. De Waard F. Kemmcreu JM, Ciukel LA v an , Stoiker M 
(1995) Urinary cotinins and lung cancer risk In a female co¬ 
hort. Hr J Cancer 73: 784-787 

23. Domino EF (1995) Norxobacco sources of codnioe in the 
uriiie of conSmokBrs. Clin Pharmacol Tber 57: 479 

24. Ehrlich R, Roman M, Godbold J, Saliaberg DS, Grimm KT, 
Landrigan FJ, Lilienfcld DE (1992) Childhood asthma and 
passive smoking. Urinary coJaiune as a biomarkor of expo¬ 
sure. Am Re* Respir Dis 145: 594-599 

25. Eremin Sa, CoXdti RE, Colhen DL, Land on J, Smith DS 
(1992) Urinary corinlne flacjroimmtiilDasSuy for smoking 
a tarns screening adapted to an auiomaied analyser. Analyst 
117; 637-699 

26. -Fffj'erabcad C, Russell MA (1990) A rapid gas-liquid chro¬ 
matographic melted for thfc determination of eociniue and 
nicotine in biological Hulas. J Phstnn Pharmacol 42: 450-452 

27. Fried Pa, Perkins St, Wilkinson 3, McCartney JS (1995) 
Association between crexrinine-udjiisted and unadjusted urine 
co u nine values in children and rfce matter's report of exposure 
to mviro timen f.ul tobacco smoke. Clin Rioehf.cn 28; 415-420 

28. Gaffiiri £, Manmelli G, Romeo L. Dtuigulo S (1992) Esp- 
oslclouC al fumo di tabasco dcgli impL-gad dl un’azienria 
ttlefosipa, Med Lav 83; 596-604 

29. Gdlanti Uld, MtmSgarz P, Dubois P (1995) Inverse rdedon- 
thlj i between tobacco smoking and both psyeborcchnis and 
education levels. Arch Environ Health 50: 381—383 

30. Greenberg HA, Bauman XE, Strecher V J, Reyes LL, Glover 
iLH, Haley NJ, SiedmanHC, Loda Fa (1991) Passive smoking 
during the flisi year of life. Am J Public Health gh S50-853 

31. Hanraljan JP, Tagsr IE, Segal MSt, Toiteson TD, Castile RG, 
Van V nnakU H. Webs ST, Spelzer PE (1932) Tee effect of 
‘maiortttd smoking during -rc yjiidv r-v on early infant lung 
function. Am Rev Saspir Dis 145: 1129-105 

32- HiuthtoUn M, VanNoord T (1931) Liquid-chroma tographic 
determiearien of nicotine und coiiniM in urine from passive 
sraakarg; comparison with gas_chromatography With nivo* 
gnl-spaciEo detector. CUn Chert) 37: 1276-1280 

33. Horstmsnn iSl (19S5) Simple htgh*pcrformaBCe liquid chro- 
maiogfaphic mcEhoil for rapid derennination of nicotine and 
cotiahic in urine. J Chrumaiogr 344: 391-396 


f 


34. Idle JR (1990) Titrating exposure id tobacco smoke using 
cotinine - ii minefield of misunderstandings, J Clin Epidemiol 
43: 313-317 

35. International Agency for Research on Cancer (19S6) Tobacco 
smoking, IARC Munogr Eval Cardnog Risk Chem Hum 33 
270 

36. Jacob P, Shulgin AT, Yu L, Eenowie NL (1992) Determi¬ 
nation of tht nicotine membolite trane-J'-hydroXycodiijat in 
urine of smokers using gas chromatography with nitrogea- 
selcetive detection or selected ion monitoring. J Cncomaiovr 
583: 145-154 

37. Jacob .P, Yu L, Liang G, Shulgin aT, Benewlti NL (1993) 
Gas chromatographic-mass spectronustric mothed far deter¬ 
mination of ansb.ismc, anacahine and other tobacco alkaloids 
in urine of smokers and smokeless tobacco users. / Chro- 
matogr 619: 49-61 

38. Jarvis MJ. Tunsrall-Pedoa H, feyerabcaii C, Vestry C, 
Saloojee Y (1987) Comparison of tests used to distinguish 
smokers from nonsmekers. Am J Public Health 77: 1435- 
1438 

30, Kendrick JS, Kalimsex SC, Nil bur N, Salas N, Stine J, Ga- 
rfiiulli) PM. Floyd KL, Splerro FW, Sexton M, Metzger RW 
et al (1995) Integrating smoking cessation into routine public 
prenatal care: ths Smoking Cessation in Pregnancy project. 
Am J Public Health 85: 217-222 

4Q, Knight JM, Elippoulos C, Klein J, Grerar-ald M, Karen G 
(1996) Passive sanoking in children. Racial difikreneas 1 b sys¬ 
temic exposure to cotinine by hair and urine analysis Chest 
109: 446-450 

41. Koloncn Sa, Puitgkalnen EV (1991) Asaessraont of the au- 
toniuicd celorimeiric and the high-perfoatnancs liquid chso* 
mmographic methods for nicotine intake by uriiis: samples of 
smokers smoking low- and mediuiB-ylcld cigarettes. Clin 
Chiro Acta 196: 1J9-166 

42. Laurent .AM, Bsvan A. Chakronp N, Courtois Y, Valois B, 
Roussel M, FeScy B, Prelet g (1992) Effete sarutaires dhine 
exposition chronique ii la fumee ds tabac sur one population 
do non fumeurs. Rev Pneumoi Clin 48: 65-70 

43. Lauwerys RR, Meet p (I 993 ) Industrial chemical exposure: 

guidelines for biological monitoring. Leo-is, Boca Raton, 
Florida _ • ' 

44. Langone JJ, Bjcrelce RJ (1989) Idiotype-ami-idiolype hapten 
immunoassays: assay for eutinine. Anal BlochsnB 182: 187- 
192 

45. L.-ingoiiG JJ, Cook G, Bjereke RJ, 'SJfschiu. MH (1938) 
Monoclonal antibody ELISA fit codniae in Che urine of ac¬ 
tive artd passive smokers. J Immunol Methods 114: 73-78 

46. Lao PN (1995) ‘Marriage to a smoker” may not he a valid 
marker of exposure in Studies relating environmental tobacco 
smoke to risk of lung cancer in Japanese non-smoking 
uinmen. lnt Atch Qcoup Environ Health 67: 287—294 

4?. Marbury MC, Hammond SIC, Haley NJ (1993) Measuring 
exposure to environzoenial tobiiceo smoka in studies of acute 
health affects. Am J Epidemiol 137; 1089-1097 

48. Masson Ea, MacFarlane IA, Priestley CJ, y/LLlyniaiimed 
ME, fTavill HJ (1992) Failur* to prevent nicotine addition 
in yoaag people with diabetes. Arch Dls Child 67: 100- 
102 

49. Mathai M, Skinner A, Lawton JC, Weindlmg AM (1990) 
Maternal smoking, urinary CDiituna levels trad birth-weight. 
Ausi NZJ OtsCct Gynaecol 30: 33-36 

50. Matenaidta M, Shtonoya S, Matsumoto T (1991) Urinary 
cotinine measisretaent in patients noth Buargar’s disease: ef¬ 
fects of active and passive smoking on the disease process. 
J Vase Surg 14: 53-58 

51. McAdams SA, Cordriro MX. (1993)' Simple, selectee Ion 
moniioiiaB ca pillary gas dhrmaatographic-miiss spsctroaiEtric 
method for the determination of cotinine in serum, urine and 
oral samples. J Chrnmatagr 613: I48-J53 

52. McCartney JS, Fried PA, Watkinson B (1S94) Central audi¬ 
tory processing in school-age children prenatally exposed to 
rigurotto smoke. Neurotoxicol Teratol 16; 269-276 


1 

I 

i 

I 

I 

E 

I 

r 

1 

1 

r 

1 ? 

n 

p 



J 952 J DDDBSS W/PP '■ 9 J 'iS/65 : 91 10 .31 '2D (11HI) 


NO IIinOS INMROOd IS I WU 

PM3006484894 


Source: https://www.industrydocuments.ucsf.edu/docs/pthj0001 



161 


53. McManus KT, deJtethizy JE>, Garreix Da, Kyerematen CA, 
Vesell HS (1990) A new quantitative: theimospxay LC-MS 
josihod for nicotine in a its metabolites in biological fluids. 

J Chroraatagr Sd 2g: 510—516 

54. Mdikiac M, f'ra baled AK, Hoffmann D (1993) Urinary 
rrensj/arix-norjcnwc ad.Cl as an indicator of exposure to ben¬ 
zene is dgEirnCtcs smoker* Ciscer Epidemic! Biomaiksc; Piev 
2: 47 -51 

55. Milikiaa Aa, Prakalad AJK, Seeker-Walker RH (1994) 
Comparison of the levels of the urinary benzene metabolite 
rraris.rrasvr-ffiucaolc u-id in smokers and non-smokers, and the 
cfffeKs of pregnancy- Cancer Epidemiol Biotnarters Prc- 3: 
235-244 

56. Miller LG (1939) Recent developments in the study of the 
effects of cigarette snaking on efauca] pteim&co tenet; ci and 
clinical phannacodyBamios. Clin Pharmacakinet 17; 90-108 

57. Miwa 1C, Mvyagi Y, Asanci 11, Fujlra M, Sasayama S (1993) 
Augmentation of smoking cessation education by urinary 
cotinina measurement. Spa Circ J 57; 775—7*0 

58- .Mi“'a K, Ftijita M, Miyags Y (1994} Bwtoficia) effects of 
smoking cessation on the short term prognosis for variant 
angina-validation of the smoking status by urinary cotinine 
measurements. Ini J CardicJ 44; 151-156 

59. Moore f, Greenwood M, Sinclair N (1990) Automation of a 
iugh-perfornnar.ee liquid chromatographic aSSay for the tic- 
termination of nicotine, cotiflins and H-hydrotycotiuine in 
human urine. J Pharm Slewed Anil 4; 1051—10S4 

SO. Mullen PD, Carbonari J?, Tabak ER, Glecday MC (1991) 
Improving disclosure of smoking by pregnant women. Am J 
Obniet Gym-rnl 165: 409-4ID 

61. Murray A, Morrison B (1985) The affect of cigarette smoke 
from the mother ou br-oiiehial rcapo-naivencK and severity of 
symptoms in children with asthma. J Allergy Clin Immuno! 
77: 375-581 

62, Niwye RL, peicW EC (19S4) Mental development of children 
whoso rnoihcis smoked during pregjianev and effects an the 
fetus. Ob-let Gynecol 64: 601-607 

63. Ncuratb OB, D Linger M, Orth D, Pcin EG (ISB7) Trsr.s-3'- 
hydroxycocinine as a main metabolite in urine of smokers. Int 
Arch Oecup Environ Health 59; 199-201 

64, O’Ccmnor aM, Davies SL, Drilbcrg CS. Butler PL. Nadon 

C, McBride BH, Barrie RJ (1993.) Effectiveness of a preg¬ 
nancy smoking ec-sarion program, J Gbsfct Gynecol No> 
natal Mura 21: 364-397. 

SJ, Oidig* M, Jones A, Magriussen H (1991) Acute effect of 
passive smoking ad lung function had airway responsiveness 
in asthmatic cbildreiL PeJiatr Pubnonol 10: 123-131 

66. Ong CK Las EL, Shi CY. Oflg HY, Ice HP (1394) EJevated 
levels of benzene-related compounds m the urine of cigarette 
jmakfias. Lai S Cancer 59: 1T7—ISO 

67. Piivkiiiicu MT, Barlow RD (13&S) Assessment of exposure to 
environmental tobacco smote using a high-pcribcmance liq¬ 
uid ritrcaiatngraphsc method for the .limit] Unco us determi¬ 
nation of aieorina and two of its metabolites in urine/ 
} Chromatop 433: 214-221 

58. Petersen Handel 1, -KcJJph J, Podedwonly T, Ihiitn A 
(1592) Smutting reduction during pregnancy by a program of 
self-help and clinical support. Obilet Gynecol 79; 924-530 

69. Phillipou G, James 5 a, Seaborn CJ, Phillips PJ (1994) 
Assessment of a simple colorimetric procedure tu determine 
gmo Vin g status is diabetic subjects, Clin Cham 40: 1296- 
129B 

70. Pictort A, Lingeufelser T. Pickert G, Birbaumer N, Overkamp 

D, Bggstain M (1993) Comparison of a mechanized version of 
the “Kitnig” reaction and a fluorescence polarisation insmu- 
ne.asB».y fdr the tie a-rniinarina of -icOtriv? metabolites in urine. 
Clin Chid Acte 217:143-154 

71. R&ngamark C, O'abanoni G, Wannmalm A (1993) Excretion 
of thiomboiane meiilbolite* in healthy women after cessation 
of smoking. Arteriosckr Thromb 13: 777-782 


72. Rafliakalio P (1983) A folloW-Up to the ago of 14 of children 
whose mothers smoked during pregnancy, Acta Paedkfcr 
Stand 72; 747-^753 

73. Reese AC, James 13., Landau LI, Lesouef FN (1992) Rela¬ 
tionship between urinary cotinine level and diagnosis In chil¬ 
dren admitted to hospital. Am Rev Ruspjr Dis 146: 66-70 

74. Rfcpace JL, Lowroy AH (1993) An enforceable indoor air 

quality standard for environmental tobacco smoke in the 
workpiece. Ri&lc Anal 13; 463—475 . 

75. Riboli E, PrcstoD-Martin S, Saraecj R, Haley NJ, Tri- 
chopodDs D, Eechcr H, Burch JD, Fontham ET, Gao YT, 
Jiudal SJC (1990) Exposure of nonstnoking woman to envi¬ 
ronmental robaeco smote: a ten ccuutry collahorativo study. 
Cancer Causes Control 1; 243-252 

76. Riboli E, Haley NJ, Tredaniel J, Saracd R, Preston-Maffm S, 
Trichopoulos D (1995) Mlsclassifieation of smoking status 
arnong women in relation tc exposure to environmental to¬ 
bacco smoke. Eixr Respir J S; 285-290 

77. Rap FP, Grimaldi r, Oddaze C, VJala A (1993) DetermLnation 
of ojeotioe and its main metabolites in urine try high-perfbr' 
maaee liquid chromatography. J Chrcumogr 612:302-309 

78. Rustenxeler K., Denjctrlou D, Schepers G, YoncJcea ? (1993) 
High-pcifarmatiCB liquid dtroiuaiograptuc determinailou of 
nicotine end. its urinary metabolites via ihoir LJ-dicthyl-J- 
thiobarbiiliric add derivadva. J Chxcmatogr 613; 95-1C3 

79. Rykndsr £, Ptrahagen G, Eritssoa M, Sermann G (1405) 
Parental smoking. Urinary cotinine, and wbeering bronchirit 
in children. Epideaniology 6: 7.89-293 

80. Sampson £.T, Needham L.L, Pirkle JL, Hannon WH, Miller 
DT. Patterson BG, Bcrnert ST, Ashley DL, Hill RH, Gunter 
BW, Paschal DC, Spierto FW, Rich MJ (1994) Technical and 
scientific developments in tapes Lire marker methodology. Clin 
Chan 4|); 1376-1384 

SL SBwjtJd FT, Didjurgcit U, Muhlhauser 1. Berger M (1999) 
Behaviour therapy versus doctor's anti-smoking advice in 
diabetic patients, J Intern Med 234: 407-409 

R2. Schipers G, Walk Ra (19SS) Cotinine detertnination by 
immunoassays may be influenced by other nicotine metabo¬ 
lites. Arch Toxicol fil: 395-397 

83. Schneider JM, Capoiaghi B, Brianeon S, Cori G, Merlin JF, 
Leveau PH (1993) Le tahagisme passif da j’enl'ant. Son dspi- 
stuge par le dusa£c de la cotinine iirinaire. Arch Fr Pediatr 50: 
567-571 

84. Scimlte-Hobeln B. Schwartz-Bicteabaeh D, Ah! S, Plum C. 
Nau H (1993) Cigarotte smoke exposure and development of 
Infants Chroughoul the. first year of life: influence of passive 
smoking and uursiog on cetiniae levels in breast milk and 
infant’s urine. Aela Paediarr verified 81; 550-557 

85. Seeker-Waiter RH, Solomon LJ, Flynn BS. Stelly JM, Le¬ 
page S3, Goodwin GD, Mead PB (1995) Smoking relapse 
prevention counseling during prenatal and early postnatal 
care. Am J Prev Med 11: 86-93 

86. Sexton M, Fox NL, Hebsl JR (1990) Prenatal exposure to 
tobacco, it. Effects on cognitive functioning stags three, int J 
Epidemiol IP: 73-77 

S7. Shaw NJ, McClure RJ, Kerr 5, Lswren K, Smith CS (J993) 
Smoking in diabetic teenagers. Diabet Med 10: 275-277 

88 , Simons AM, Phillips BH, Coleman DV (1993) Damage TP 
DNA in cervical epithaliiun related to attiDkujg tobacco. BMJ 
306; 1444-1448 

89 Sharping G, Wiilcrs S, Dalfme M (1988) Derenniuation of 
cotinine in urine using glass capillary gas chcmaiography and 
selective detection, with special reference ro the biological 
monitoring of passive smoking. J Chicmatogr 454: 293-3OJ 

90. Tager IB, Ngo L, Hiturahan JP (1995) Mfctsnrul amoldng 
during pregnancy. Effects on lung function during the first JB 
months of life. Am J Respir Crit Care Med. 152: 977-933 

91, Thompson SG, Stone JL Nanchariai K, Wald NJ (1990) Re¬ 
lation of urinary ootiaine concentrations to cigarette anckiag 
and to exposure to other people's smoke. Thorax 45: 356-361 


» 


j£ j cciJDOJBSS '(WY? '■ 9 i US/DO : 21 


ID ,51 'ZO(nHI) 


Nounios iMswnooa isi mu 

PM3006484895 


Source: https://www.industrydocuments.ucsf.edu/docs/pthj0001 



“ 16S 


92. Trudeau DL, isenhan C, Silversmith D (1995) .Efficacy of 
smoking cessation strategic* in a treatment program. 3 Addict 
DIs 14 ; 109-116 

93. Tweedis KL. Mangerscn K.L (1992} Liing cancer and passive 
smoking: reconciling tie biochemical and epidcinitilogScal 
approaches. Hr J Cancer 66: 7D0-705 

94. UbWak JB, LagendJji 3, Vemmak WH (3 993) Simple high- 
pctfonnan.ee chromatographic method Eo verify lie direct 
barbituric acid assay for urinary cotinine. J Chromatogr 620: 

254-269 

95. UeriiilioVcji WM, RntZcl A. Meese CO, Weber PC (1991) 

Smelting alters thromboxane metabolism in man, Biochim 
Brooby s Acts 10K1' 197-201 

96. Vine MP. Hnlia BS, Margolin BH, Truong VK, Hu. PC, 

Schr amm MM, Griffith JO, McCann M. Everson RB (1993) 

Cotinice concentrations in itincu, mine, and blood of 
stnoitera and nonsowkers. Am 1 Public Health S3: 1335-1338 

97. Walts JBJt, Langrrae JJ, Knight GJ. Lewtas J (1990) Cocaine 
analytical workshop report consideration of analytical 
method* fur detraining colutins in human body fluids as a 
measure of passive exposure tu tobeeec smoke. Environ 
Health Parapcd 84: 173-182 

■ t; 

l: 

r 

I 

t 


98. Wenjunalni A, Bcjuhin O, Gransiram BF, Per.-ircn. L Pi> 
terssoti AS, Wind.] S (1991) Relation bewreo tobacco use and 
urinary excretion of thromboxane A2 and prostacyclin me¬ 
tabolites in young naea. Ctccukuon S3-. 16SM704 

99, Wilcox AJ (1993) Birth weight and perinatal mortality; the 
effect of maternal smoking. Am. J Epidemiol ]X7> l(J9fc-i jar 

100. Wilier.- S, Svsnonius E, Sharping C (1991) Passive smoking 
and childhood asthma. Urinary cotuiins levels bj childisn 
with as thm a and in referents, Allergy 46; 330—334 

101. Willsrs S, AtUwell S, Bcntryri I. SchuK a, Sharping G Vs- 
bier M (1992) Exposure to enviratinjeatal tobccco smoke in 
the household and urinary coil nine excretion, heavy metals 
retention, and lung Fared an Arch Environ Health 47- 357- 
363 

162. Wilhira g Sharping C-, DaJ=nc M, Slcerfving S (1995) Urinary 
ootiuinB Id children and adults dining and after semiatperi- 
mBnEal exposure to enviroauientai Tobacco sanake. Arch Eri- 
’•iron Health 50; 130-138 

103. Zacaiaro F, Alum 1, Rosa M, Passa aK, 'Pichini S, Pncifiei R 

(1995) Solid-phase extraction at nicotine and Its metabolites 
loi high-performance liquid chromatographic determination 
in urine. J Chromate^ 668 B.- 187-188 


t 

t 

t 

t 

V 


i 



9S d KiJODOfiSE tiH/M-Sl IS/00 : il IQ,SI '20 ClHI) 


Noumos iiomaoQ isi hqhj 


PM3006484896 


Source: https://www.industrydocuments.ucsf.edu/docs/pthj0001 




